The alpha induced scintillation of the wavelength shifter 1,1,4,4-tetraphenyl-1,3-butadiene (TPB) was studied to improve the understanding of possible surface alpha backgrounds in the DEAP dark matter search experiment. We found that vacuum deposited thin TPB films emit 882 ±210 photons per MeV under alpha particle excitation. The scintillation pulse shape consists of a double exponential decay with lifetimes of 11 ±5 ns and 275 ±10 ns.
Introduction
wavelength of the noble gas scintillation light from the vacuum ultra-violet to 5 a peak wavelength of 420 nm [4] , which can then be detected by conventional 6 photomultiplier tubes (PMTs). However, TPB also scintillates, which may 7 lead to background signals from omnipresent alpha emitters embedded in the 8 detector wall material or the TPB layer itself, compromising the sensitivity 9 of the experiment. 10 We present a study of the alpha induced scintillation of thin films of pure • C by means of a heating wire wrapped around it (see figure 1 ). An OMEGA resistance temperature sensor was clipped to 23 the heating wire near the crucible and its readout was coupled to the power 24 supply of the heater to maintain a constant temperature. The glass or acrylic
25
plates were held on a rack 17.8±0.3 cm above and centred on the crucible.
26
Installed at the same height and on each side of the rack were two quartz 27 crystal deposition monitors to monitor the thickness of the deposited film. 
Method of evaporation

29
The glass plates (radius 6 cm) and acrylic plates (radius 10 cm, thickness 30 1.9 cm) were prepared for evaporation by the following steps: 3. Wiped with a mixture of 20% ethanol and 80% ultra pure water.
4. Wiped with aluminum foil.
35
5. Rinsed with ultra pure water.
36
6. Blown dry with nitrogen or argon gas.
37
Step 4 was introduced after observing that the TPB distribution on the 
where ν e and ν d are the rates of evaporation and deposition, d is the source- TPB molecules is very high, followed by a volume where the molecules move 75 in straight lines, the geometric factor is given by[5]
where
and θ is the angle between the axis of the crucible and a line from the The density of the TPB film enters into the mass distribution equation
84
(eq. 1). It was fitted from the scratch measurement data to be 1.16±0.04 g/cm 3 .
85
The uncertainty takes into account the additional constraint that the depo-86 sition monitor readings, which also depend on the density of the TPB layer, 87 had to be within errors of the scratch test measurement. This result is also 88 consistent with the TPB density estimated from the mass of the substrate 89 before and after evaporation.
90
Since the deposition on sample A was done at a different temperature, with a LeCroy WavePro 7100A oscilloscope and the traces were saved to file 117 for offline analysis. Two sample spectra are shown in figure 6 .
118
The energy loss of the alpha particles going through the TPB was simu-119 lated using SRIM [6] tables. The largest and smallest simulated energy loss 120 for the pathlengths studied were 0.18 and 0.69 MeV. The TPB density of 121 1.16±0.04 g/cm 3 , found previously, was assumed in the simulation. 
128
The uncertainty on this number does not include the uncertainty on the PMT 129 efficiency, which is not quoted in the data sheet.
130
The scintillation pulse shape for two measurements is shown in figure   131 8. It consists of a fast and a slow component with lifetimes of 11 ±5 ns 132 and 275 ±10 ns. There are no significant differences in the pulse shape for 133 different TPB thicknesses. The so called "fast to total" parameter, the ratio of the pulse intensity in a 135 fast time window and the total pulse intensity, is often used to discriminate 136 electromagnetic interactions in noble liquid detectors from nuclear recoils.
137
Using a fast time window of 50 ns before and 100 ns after the peak position,
138
which is the standard window used in DEAP, and a total integration time of 139 1 µs this parameter is 0.67±0.03 for alpha inducted TPB scintillation. than where it was directly measured.
147
The measured photon yield of 882±137 photons is a factor of 5 smaller 148 than that measured by Hull et al. [8] for alpha scintillation in a TPB monocrys- 
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